IN his paper, Dr. Allibone has covered quite a wide and most interesting field in addition to telling us about the Metropolitan-Vickers continuously evacuated tube -incidentally largely his own creation. I would like to confine myself to the more limited subject concerning which your Secretary asked me to speak, namely our experiences in Manchester with this tube.
As many of you must be aware, two tubes of this type were first installed in Sheffield, and shortly afterwards a complete unit was installed in the Christie Hospital and Holt Radium Institute in Manchester. The latter has been in constant use for the last fourteen months, and it is concerning that period that I will try to give you such details as may seem to be of interest.
Many questions might be put to me regarding our experiences with the tube, but perhaps the most significant ones would be:
(1) Has it proved a reliable, useful unit ?
(2) What about costs?
(3) Does it seem to afford any new medical features ? First of all: " Is it reliable ? " I think it is a fair answer to say that, compared to most X-ray units which I have known, the Metropolitan-Vickers tube has proved genuinely satisfactory, quite robust, and not unduly temperamental. During the fourteen months' use it has been running steadily on two shifts per day, 'except -during the holiday period, i.e. it has been running from 7 a.m. to 10 p.m. daily, and often thereafter into the small hours, for research exposure work. There is no question therefore but that the tube has been kept busy. During the whole of that period the longest breakdown on tube or plant has been two days. Table I shows a detailed analysis, abstracted from the daily log, of all stoppages, however trivial, during the twelve months' period October to October. A word of explanation is necessary. The first group, which I have called minor stoppages, consists almost exclusively of extremely trivial items such as blown fuses, safety relays, &c., most of which could have been remedied in a very short time by a good technician or electrician. This is particularly the case in that the plant is well equipped with automatic fault-indicators both on the control panel and in the main fuse-box. For the sake of collecting and accumulating data, the Metropolitan-Vickers Company desired to service our plant entirely themselves, even for these trivial items, with the result that it has occasionally taken from half an hour to an hour and a half to get the operatives along to repair something which we could have done ourselves in five minutes. The second group of stoppages were of the type, filament replacement, leak in vacuum, replacement of rectifier anodes, and such like, or, many of them, of a nature inherent to the final trying out of a new design and unlikely to represent permanent weak spots. Replacements of improved design have eliminated most of the earlier fault foci. The only breakdowns putting the plant out of commission for more than twelve hours were:-(1) Main transformer fault, brought on by repeated switching on and off at full load before the distantly-controlled shutter was installed, and (2) main rectifier system fault, taking one and a half days to put right. The tube appears to require, at least running double shift, a general overhaul about once every two or three months, replacing all filaments, &c., so as to avoid the burning out of filaments at undesirable times. These overhauls have been done over the week-ends without disarranging the working schedule.
The second question I am being asked frequently is " What is it costing you ?" Here one enters a frankly controversial field upon which perhaps the new Middlesex "four-of-a-kind" layout may very well yield interesting data.
The Metropolitan-Vickers design differs from the orthodox design in two features-financially speaking: (1) Its high initial cost per tube.
(2) Its low upkeep or running costs. The decision as to whether the latter balances or outweighs the former is one which can only be decided in relation to the needs of each individual hospital. We are operating on a fixed annual upkeep cbarge regardless of hours of use, so that, running double shifts as we do, the financial balance has proved very decidedly in favour of the Metropolitan-Vickers tube as compared with the orthodox sealed-off tube and valve replacement costs. Whether the same would be true for a tube used only intermittently or for relatively short periods per day, is a completely distinct problem.
As a point of interest in this connexion, the " r " output, of which I will have more to say in a moment, is quite high, hence the number of patients per tube (and per technician's salary) is quite good. Table II has been prepared for me by the Hospital Superintendent, and is an analysis of the actual running costs per month based on a six months' assay, covering all maintenance and replacement costs. So much for the mechanical and financial aspect of things. The basic problem must, after all, centre around the medical features of the treatment rendered possible with the new tube.
From the point of view of general flexibility, the tube possesses the already more or less well-known features of the cannon type of tube, initially devised by Holfelder, with a slight advantage in respect to the typical Holfelder cannon, in that owing to the earth anti-cathode, the applicator is at the end of the cannon and not at the middle. For all ordinary antero-posterior and lateral work, e.g. on the cervix uteri, cesophagus, and so on, the tube is perfectly flexible and patients can be " set up " quite speedily. For "tricky " work such as on the vulva, axilla, and Holfelder breast, the tube lacks one direction of movement as compared to a completely universal-joint type of flexibility. In practice, however, it is possible to "set up " any area exactly as desired though it may take somewhat more time to do sc than with a completely universal tube.
One real advantage of the tube is its ability to carry heavy applicators, or applicators and distance pieces, without any trouble or loss of mobility. I should mention too, in passing, the silence of working and the shock-proof features which the Metropolitan-Vickers tube possesses in common with any cannon type of layout. The complete removal of all high tension to another room altogether, combined with absolute protection from stray radiation, appears to have resulted in a definite lessening of radiation sickness as compared with exposure to a more open type of tube.
From a medical point of view, to my mind two main departures from the normal present-day 200 kv. plant are (1) the marked increase in X-ray output, and (2) the slight increase in potential; the tube runs steadily at 250 kv. continuous potential. To me the novel feature has certainly been the high r" output. While fully conscious of the fact that all the logic and experience of present-day knowledge points to the advantage lying in the Coutard practice of low-intensity work, I have purposely set out to try and accumulate comparative data by running the tube frankly at its maximum output. The obvious feature of its use in this way is the large number of patients which can be dealt with by a single tube, even using very prolonged periods of overall radiation and daily treatments to every patient. Working at 40 cm. and 1 mm. copper equivalent filtration, very few actual exposures take over three minutes, most of them something in the region of one to two minutes. Certainly with exposures of this calibre, the technician has to watch his work very carefully. A 40-second error, for instance, may mean an overdose of 100 "r." Fortunately, during the year under review we have had a technician of far above average ability and we have therefore had no such accidents. As a counterpart of these risks with very short exposure, there is the consoling thought that the one to two minute exposures do not allow time for the operator to forget or for his attention to wander. Table III shows the actual " r " output at 40 cm. measured with back-scatter for various field sizes-a range from 80 "r" minimum for a small field to 140 "r" for large areas. , 124 20,, 132 One interesting consequence of the extremely short exposures is the ability to set up patients in ideal, but difficult, positions which can only be held for brief periods and which would not be tolerated for even ten to fifteen minutes continuously. A large percentage of head-and-neck treatments are carried out with the patients standing up against the applicators; they simply set themselves up against the tube and in one minute and forty seconds the exposure is complete-almost the perfect ' snapshot " applied to "therapy." Two side-issues of these abbreviated exposuretimes are worth mentioning. One is that the technician does not get time to weary, merely sitting at a window watching a clock (or an ammeter occasionally).
The other is the absolute necessity for a distantly controlled shutter in place of any type of hand-controlled mechanism. It is impossible for the technician to get out of the room quickly enough to avoid considerable scatter exposure from the patient.
In addition to running a standardized technique at high intensity, with a view to comparing results later against results of the low intensity school, we have also tried to carry out several definite experiments, contrasting high and low intensity on the same patient in relation to skin reactions. We have, for instance, compared three-hour exposures daily against three minutes, other factors being equal. Results of these experiments have been somewhat inconclusive, although they are suggestive that the advantages of a really low intensity may not be so great as is perhaps believed. The high "r" output of the tube can also be taken advantage of, either to achieve distance or high filtration without undue protraction of exposure time. 80 to 100 cm. distances are easily practicable, using the standard applicators and distance pieces. High filtration equally is quite possible because of the initial intensity of the beam. Table IV , for instance, gives the half value layers for three different filter set-ups. The first filter is the equivalent of 1 mm. copper-on account of the initial 0-8 steel of the wall of the tube a standard thoraeus is not possible-but the second and third filter combinations are as near as we could go to a single thoraeus and a double or super-thoraeus. Table V shows the " r " output obtainable in air at 40 cm. with each of these filters.
If distance or high filtration is not wanted, the tube can be run for low intensity work at i or even i ma. just as steadily and as smoothly as at 10 ma.
After high output the other main feature of the tube is the 250 kv. continuous potential; here, perhaps, one should have made more use of the tube to carry out investigations in comparison with ordinary 200 kv. work. This problem has, however, already been tackled in effect by the use of high filtration on 200 kv. plant, and is bound to be investigated by 300 to 400 kv. tubes which exist in several places.
So we have for the most part limited ourselves to intensity studies, and have done nothing of any moment in relation to voltage. 
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In this short paper I have tried to give actual concrete figures regarding the tube, and to set down quite fairly-as we have found them-the advantages and disadvantages of the tube as a medical weapon. Should the credit side of the picture seem to have been stressed more than the debit side, I must repeat, in conclusion, that though the tube is a good toy, it is a costly one.
